This paper adds iodine data to the nutritional survey recently published in the Eur J Clin Nutr (2004;58:532-540) to identify growth retardation and micronutrient deficiencies among Tarahumara children from five selected indigenous boarding schools in Mexico. Total goiter rate (TGR) (n ¼ 384), urinary iodine concentrations (UI) (n ¼ 100), and iodine content of salt were measured. Overall, TGR was 7.0% (grade 1 ¼ 6.8%, grade 2 ¼ 0.2%). The median UI of the group was 125 mg/l, while the median UI across the schools ranged from 92.0-156.5 mg/l, with 32 and 6% of the children having UI between 50-99 mg/l and 20-49 mg/l, respectively. The iodine content in all the salt packages checked at the schools was above 25 parts per million. Based on TGR and UI, there is a marginal iodine deficiency in this sample of children, probably due to an insufficient iodine intake. These results add to existing evidence that iodine deficiency still constitutes a public health problem in certain populations living in the mountainous regions in Mexico.
We have recently published a nutritional survey among Tarahumara children from indigenous boarding schools in an isolated mountainous area of northern Mexico (Monárrez-Espino et al, 2004) . However, in our previous study, we made an incomplete assessment, as urinary iodine concentrations (UI) were not included. This brief report aims at adding these data.
In September 2003, we returned and sampled children from the same five schools as previously surveyed (Monárrez-Espino et al, 2004) . These schools had been chosen for variation in characteristics such as location, altitude, infrastructure, size of enrolement, and accessibility. Schools I and II represented the 'better-off' and the 'poor', respectively, based on amount and quality of buildings, furniture, and other equipment; School III was designated 'overcrowded', hosting twice the average number of schoolchildren; School IV was the 'traditional' school, located in an area with a strong presence of Tarahumara customs; and School V was typical of the subtropical 'gorge' environment, where fruits and vegetables grow.
We evaluated thyroid size by inspection and palpation in all available schoolchildren aged 6-14 y (n ¼ 384; boys ¼ 179, girls ¼ 205) to calculate the total goiter rate (TGR) using the WHO simplified 3-stage classification of goiter severity (0: normal, 1: palpable, 2: visible) (ICCIDD-UNICEF-WHO, 2001).
We collected casual urine specimens from a random subsample of 100 children (20 per school), stratified to obtain equal numbers of boys and girls. UI excretion has been characterized as a good marker of recent dietary iodine intake and has been recommended for the assessment of a population's iodine nutrition (ICCIDD-UNICEF-WHO, 2001 ). The children urinated in clean plastic containers and this was transferred to 10 ml assay tubes containing no preservatives. The tubes were tightly sealed and kept at room temperature for 2 weeks when 0.5-1.0 ml aliquots were taken for laboratory analysis at the National Institute for Diagnosis and Epidemiological Reference (INDRE) of the Secretary of Health in Mexico City, an internationally recognized reference center with high-quality laboratory control standards. Duplicate UI was determined using the Sandell and Kolthoff method (Dunn et al, 1993) .
In addition, the iodine content of salt used for food preparation at the selected schools was checked using a colorimetric method (Mannar and Dunn, 1995) . Salt samples from the kitchens and storerooms were tested in each school using a field test kit (UNICEF, 600017 Madras, India). The iodine content was estimated by comparing the color with a visual scale for 25, 50, 75, and 100 parts per million (p.p.m), with an accuracy of 710 p.p.m.
Median UI was 122.5 mg/l (boys 129.0; girls 116.5) ranging from 92.0 mg/l in the traditional school to 156.5 mg/l in the overcrowded school. Overall, 38 and 6% of the sampled children had UI below 100 and 50 mg/l, respectively, but there was a mixed pattern across the schools, with a better status in the overcrowded, poor, and better-off schools compared to the gorge and traditional schools, where more than half of the children had UI o100 mg/l ( Table 1 ). The traditional school also had the highest proportion of children with UI suggestive of mild or moderate deficiency (45 and 15%, respectively), and the overcrowded school had the smallest proportions (15 and 0%, respectively).
TGR in the whole sample (n ¼ 384) was 7.0% (grade 1 ¼ 6.8%; grade 2 ¼ 0.2%), ranging from 5.5% in the poor school to 8.2% in the traditional and better-off schools, with girls (7.8%) and boys (6.1%) similarly affected (Table 2) . These results are very similar to those previously reported (TGR 5.4%; grade 1 ¼ 5.1%, grade 2 ¼ 0.3%) (Monárrez-Espino et al, 2004) .
According to the epidemiological criteria for assessing the severity of iodine deficiency, based on median UI (Dunn et al, 1993) , only the traditional and gorge schools could be classified as having mild iodine deficiency. On the other hand, all five schools presented a prevalence of goiter between 5 and 19%, which is the criteria to define a mild public health problem (Dunn et al, 1993) . Traditional, gorge, and better-off schools with the highest TGR (B8%) also had the highest proportion of children with UI o49 mg/l (5-15%).
Thus, this study adds to other evidence that iodine deficiency still constitutes a public health problem in certain populations living in mountainous regions in Mexico (Martínez-Salgado et al, 2002; Vásquez-Garibay et al, 2002) .
Diets based on foods grown in mountainous regions, such as those inhabited by the Tarahumara, often provide inadequate iodine in the normal diet (Koutras et al, 1985) . This can be corrected by iodizing salt.
In this survey, the iodine content in the salt packages checked at the schools sampled was above 25 p.p.m. However, the detrimental effects of cooking practices common at the boarding schools could partially explain these relatively low UI levels. It has been estimated that Iodine nutrition among Tarahumara schoolchildren in Mexico J Monárrez-Espino and T Greiner losses during cooking can vary from 20 to 40% (ICCIDD-UNICEF -WHO, 2001 ). Women preparing the schools' meals could be taught ways to minimize loss of iodine, such as adding salt at the end of the cooking process. Another possible explanation for our UI findings relates to the food the children eat at home. In an earlier study (Monárrez -Espino et al, 2001) , we used the same kits to measure the iodine content in salt from 133 Tarahumara households and found that 19.5% contained no iodine (unpublished results). Children receive meals at the boarding schools on 200 days a year (INI, 2002) ; thus they eat nearly half of the time at home. Therefore, improved monitoring by health inspectors may be necessary to ensure that only iodized salt is on sale to the public. The iodine content of salt needs to be periodically monitored at all levels, using test kits and being rechecked by titration, since it has been reported that such kits do not provide a reliable quantitative estimate of the iodine content, and tend to overestimate the iodine levels in salt (Pandav et al, 2000) .
It is also worth noting that the traditional and gorge schools were the most geographically marginalized among the five sampled, and also presented the highest risk of iodine deficiency. Therefore, families living in those isolated areas could have more difficulties reaching places where iodized salt is on sale.
There is very little published data on the frequency of use of iodized salt in meals of schoolchildren living in Mexico and no data at all for the Tarahumara to be able to determine the level of iodization in discretionary salt (ie in cooking and at the table) that will be sufficient to maintain adequate iodine intakes. However, the relatively low prevalence of low UI reported from a sample of 585 children aged 5-12 y in the National Nutrition Survey of 1999 (50-99 ¼ 5.9%, 20-49 ¼ 2%, o20 ¼ 0.5%) was attributed by the authors to the mandatory iodization of the salt Mexicans eat at their tables for the last 50 y in Villalpando et al, (2003) . In the same article, the authors report that measurements on the iodine content in table salt were in the expected range; however, none of the other forms of salt available in the market had the required iodine concentration despite the official specifications for iodizing salt in Mexico (NOM-040-SSA1-1993).
Although we did not measure the amount of processed foods containing iodized salt in the children's diet, the use of processed foods is negligible both at home and at school, as this population is largely dependent on a locally grown diet based largely on maize and beans.
Most urine samples were collected in the morning between 07:00 and 12:00 h (corresponding to the nadir of UI), as proposed by Als et al (2000) . This limits the variability caused by the circadian rhythmicity of UI. We did not attempt to collect urine specimens in fasting children, an issue that is still contentious (Thomson et al, 1996; Rasmussen et al, 1999) . Within-day variation in UI excretion may be responsible for some of the lower values seen among these children, but since students do not drink much water during the school hours in this dry climate, an overestimation of UI levels is the more likely diurnal bias in this relatively small sample (Dunn et al, 1993) .
The possibility of insufficient iodine intake cannot be ruled out since goiter was present in a small but significant proportion of the schoolchildren. However, interference from goitrogens, especially the popular local brassicas, Mekuásare (Bye, 1981) , could also contribute to the prevalence of goiter seen here.
It is also possible that the enlarged thyroid glands, caused by a past history of iodine deficiency, have not normalized yet despite adequate UI. A lag between UI and thyroid volume has been noted elsewhere (Delange, 1999; Zimmermann et al, 2004) .
Iodine deficiency causes retarded mental and physical development, impaired intellectual function, and diminished school performance among children (Hetzel, 2000) , and should therefore be given proper attention.
